Of amino acids is consistently less than that of plasma (4, 15, 41) . The basis for this difference has not been clearly determined, but might imply restriction of entry into the CSF from blood, rapid exit from the CSF, rapid metabolic utilization, or a combination thereof. Normally, little or no net rise in brain amino acid is detected after a systemic infusion of the corresponding amino acid (9, 26, 27) , implying a restriction to entry. However, tracer studies have shown that some amino acids rapidly equilibrate with brain and CSF amino acid pools, suggesting that entry of these compounds into CSF is less restricted than was formerly believed (20, 24) . For example, L-leucine specific activities become equal in brain and plasma less than 10 min after an intravenous injection (39). Specific transport systems which remove organic acids (37) and ions (14) from the CSF account, in part, for the low CSF-toplasma ratios observed with these solutes. That similar carrier mechanisms may regulate CSF amino acid concentration has been suggested (4).
Using At the end of the perfusion the animal was killed with an overdose of intravenous pentobarbital (60 mg/kg), the brain removed in 7-10 min and frozen in a deep freezer kept at -10 C. Autoradiographs were made from coronal brain slices taken at the intercollicular plane to document perfusion of the ventricular system. Successful ventriculocisternal perfusions were identified from the autoradiographs by the presence of radioactive density in the aqueduct of Sylvius.
In a few experiments unfrozen brains were homogenized in distilled water and total 14C radioactivity determined. In addition, choroid plexuses of the lateral and fourth ventricles were removed, weighed, and homogenized in distilled water. In this manner it was possible to determine the net amount of 14C radioactivity retained in the brain and choroid plexus during a perfusion.
Penetration of amino acids into brain from CSF. Coronal brain sections, 3 mm thick, taken at the level of the anterior portion of the lateral geniculate body were cut free-hand from frozen brains and used to study the penetration of the amino acid into brain from the ventricular surface. Uniform tissue specimens approximately 2 mm in diameter were obtained using a 14-gauge, thin-walled needle beginning at the tissue abutting the third ventricle and extending laterally in a straight line to the cortical surface. This procedure yielded 9-10 specimens of approximately 5 mg each. The specimen was homogeniied in 50 % ethanol with a motor-driven Teflon pestle, and plated on aluminum planchettes for assay of 14C radioactivity.
The activity was corrected for self-absorption and expressed as counts per minute per milligram of wet tissue. A tissue-to-medium ratio was determined for each specimen by dividing the tissue activity by the calculated exponential mean ventricular radioactivity in counts per minute per microliter obtained during the steadystate period.
De,fermination uf amino acid metabulism in perfusate. Descending paper chromatography of influx and efflux solutions was carried out on Whatman no. 1 and no. 3MM paper with three solvent systems: butanol-acetic acid-water (5:4: 1 v/v), propanol and water (3: l), and isopropanolpyridine-water-acetic acid (12:5:4: 1). Autoradiographs made from the chromatographic strips showed that for each amino acid studied all 14C radioactivity in influx and efflux solutions was confined to one spot identical to the parent compound.
Radiuassay and analysis. Influx and efflux 1251 activity in l-ml samples was counted in a well-type spectrometer at 40 % efficiency. Carbon 14 radioactivity was determined in duplicate or triplicate 0. l-ml influx and efflux aliquots by the direct-plating technique (23) using a thin-window Geiger-Miiller-type counter at 15 % efficiency. In order to minimize the contribution of lz51 activity to the net radioactivity detected in the Geiger-Miiller system, the ratio of I251 to ldC activity in the perfusate was kept to less than 1: 5.
Rate of CSF formation (V,), absorption (V,), exponential mean of the ventricular radioactivity (CJ, and steady-state clearances (k,) were calculated by the following equations
C, = Co + a37 (Ci -Co) (3
where V and k are in milliliters per minute, C is in counts per minute per milliliter and subscripts i, o, and a stand for influx, efflux, and efflux by bulk absorption, respectively. The net rate of transport (V) and the rate of transport by the saturable process (Y) are given by the equations: 
RESULTS
The mean concentrations of endogenous amino acids in cat plasma and CSF are presented in Table  1 . Although considerable variation was noted among the various amino acids of blood and of CSF in individual cats, less variation was observed in the CSF-to-plasma ratios. Without exception, the concentration of each amino acid in CSF was less than that observed in plasma, as illustrated by L-alanine and L-leucine, whose concentrations in CSF were 10 and 17 % of that in plasma, respectively.
Clearance from the CSF of all four amino acids exceeded that of 1251-labeIed aIbumin, which averaged .0008 ml/min, and is known to be cleared from the CSF by bulk flow (22).
The clearance values given for each of the amino acids were corrected for nonspecific removal by bulk absorption. Figure 1 shows a decrease in clearance of L-leucine and cycloleucine with increasing perfusate concentration of these amino acids. When the net amount of L-leucine transported per unit time (V) was plotted against perfusate concentration (SJ, (Fig. 2) it became evident that L-leucine was removed from the CSF by saturable and nonsaturable transport processes. SimilarIy, cycloleucine transport (not shown) could be separated into these two components.
A "diffusion constant"
(K,,) was defined by the slope of the line representing the nonsaturable component. This slope was calculated by means of a least-squares regression line using the net transport values for the 2, 5, and 10 rnM perfusate concentrations.
This constant was ,0069 ml/min for L-leucine and .0046 ml/min for cycloleucine. (Fig. 2) and . 016 pmoles/ min for cycloleucine.
When the Y values for L-leucine were plotted by the Lineweaver-Burk method (32) (Fig. 3) , a V max of .014 pmoles/min and K, (affinity constant) of 0X11 rnM were calculated. The clearance of L-alanine and AIB showed more variation among animals than did that of L-leucine and cycloleucine, Figure 4 shows that these clearances decreased only slightly with increasing perfusate concentration. For example, the mean AIB clearance for 0.05 mM was .0158 =t .0018 ml/min, for 1 mM it was .01X & .0028 ml/m& and for 10 mM it was .0134 & .0024 ml/min.
Net transport velocities (V) for L-alanine and AIB are shown in Fig. 5 , and are seen to be linearly related to concentration. No evidence of a separate saturable component was found for L-alanine or AIB.
The amount of the 14C radioactivity retained by whole brain at the end of a perfusion represented a small percentage of the total cleared from the CSF (Table 2 ). No clear relationship was observed between perfusate concentration and the amount of 14C radioactivity retained by the choroid plexus of the fourth ventricle (Table 3) . However, a 44 % decline in the choroid plexus-to-CSF ratios was observed when the perfusate concentration of L-alanine was altered from 1 to 20 mM.
The L-alanineJ4C brain-to-CSF ratios for the first four tissue specimens lateral to the third ventricle are presented in Table 4 . The center of sfiecbmn no. I lay 1 mm away from the ventricular wall, while subsequent specimen centers were 3, 5, and 7 mm distant from the wall. Unlike the results obtained with the choroid plexus, the brain-to-CSF ratios decreased with increasing perfusate concentration. The mean brain-to-CSF ratios of tissue specimens obtained from cats perfused with 0.1 mM L-alanine differed significantly from the mean brain-to-CSF ratios for the corresponding tissue specimens obtained from cats perfused with 5 rnM L-alanine.
Tests of significance were not done for the 10 rnM concentration because these cats had been perfused somewhat Ionger and were not strictly comparable; but they are included because they follow the general trend of decreasing brain-to-CSF ratios with increasing perfusate concentrations.
In order to determine the degree of 14C radioactivity incorporation into precipitable compounds, tissue specimens from the contralateral hemisphere were extracted with 75 % ethanol. Table 4 shows that a greater percentage of the 14C radioactivity present in brain specimens of cats perfused with 0.1 mM was precipitated than those perfused with 5 mM. Corresponding data for AIB are presented in Table 5 . Brain-to-CSF ratios for brain specimens from cats perfused with 0.05 mM AIB differ significantly from corresponding specimens derived from cats perfused with 7.5 and 10 mM AIB.
DISCUSSION
Our data on amino acid concentrations in the CSF and blood of the cat indicated that no amino acid achieved a CSF-to-plasma distribution ratio as high as one. Observations similar to ours have been made for the dog (4), the cow (41) and for man (15). The finding of a low CSF-to-plasma ratio in various species lends support to the possible existence of specific clearance mechanisms for amino acids from the CSF.
The data presented here provide evidence for at least two distinct processes for the transport of neutral amino acids out of the CSF. The use of nonmetabolized sugars and amino acids has been of value in studying transport processes because the problems of metabolic degradation are avoided SNODGRASS, CUTLER, K;1NC, AND LORENZ0
(2). The similarity in the CSF clearance of natural and model amino acids in this study suggests that metabolic alteration was not essential to the transport process. L-Leucine and cycloleucine had well-defined saturable and nonsaturable modes of exit from CSF. The saturable component conformed to Michaelis-Menten kinetics, The affinity constant of 0.61 mM obtained for L-leucine agrees well with that obtained in some other mammalian cell systems studied in vitro, such as the ascites cell (0.5 mM) (36), the rat small intestine (0.65 mM) (34), and the calf lens (0.72 mM) (8). A quite different affinity constant (0.04-0.10 mM) was found in the pigeon erythrocyte (17). Affinity constants for cycloleucine in other tissues also resembled closely the Kt of 1.4 mM: obtained in this study. This correspondence suggests that transport mechanisms for branched-chain amino acids may be similar in different tissues.
In contrast, the transport of AIB and L-alanine showed little tendency toward saturation with high-substrate concentrations which, in the case of L-alanine, was extended to a 400-fold molar excess over the physiological concentration. A similar phenomenon has been observed in the intestine (2, 31) where AIB and other small neutral amino acid transfer superficially resembles a process of passive diffusion linearly related to substrate concentration.
However, transport of these neutral amino acids against a concentration gradient has been demonstrated for the intestine (Z), and affinity constants of approximately 20 mM have been reported. In addition, it has been shown that the accumulation of AIB by choroid plexus in vitro becomes saturated at 24.5 PM/ml per hr (33). These observations in other tissues suggest that the clearance of AIB and L-alanine from CSF may be carrier mediated.
Oxender and Christensen (36) first proposed the existence of two discrete transport systems for the neutral amino acids into the Ehrlich ascites cell, which they designated the A system (for alanine) and the L system (for leucine). They proposed that entry of L-leucine, L-isoleucine, L-valine, and L-phenylalanine is mediated primarily by the L system, while entry of L-alanine, r,-glycine, L-proline, L-serine, L-threonine, and L-asparagine is mediated primarily by the A system. L-Methionine had a strong affinity for both systems and there was a certain degree of overlap between groups. The two systems differed in their dependency on sodium ion concentration (36), and transport by one system could be inhibited by maneuvers having little effect on the other system. Blasberg, Lajtha, and co-workers (5, 6, 10) established the presence of these transport systems in brain slices presumably serving to transport amino acids into brain cells. Evidence for similar group specificity has been obtained in a number of other tissues, including bone (l>t intestine (31, 34), and lens (8). However, in the renal tubule (3) and in the mammalian erythrocyte (42)) an L system but not an A system appears to exist. Our work extends this concept to the transport of neutral amino acids out of the CSF.
Transport of amino acids from CSF to blood has been previously demonstrated in the rat by Lajtha and Toth (27). that the amino acids they studied were cleared from the CSF at rates comparable to ours. For example, at the perfusate concentration of 3.8 mM, L-leucine was cleared from the CSF at a rate of 0.0126 ml/min, a clearance slightly higher than 0.0120 ml/min which we obtained for L-leucineJ4C using a perfusion concentration of 5 mM. The discrepancy between the results of the two studies may be related to the clearance of the reference molecule. In Levin's study, inulin was cleared at a rate of .0099 mI/min or about 12 times faster than the mean clearance we observed for albumin-125F.
The disparity between CSF clearance of inulin and of albumin may be explained by the fact that, in cats, the clearance of inulin is greater than that of albumin when perfusions are conducted at negative pressures (22). The admittedly crude sampling of the brain specimens indicated that the amount and distribution of 14C radioactivity remaining in brain after perfusion were related to the concentration of the perfusate. Although some diffusion may have occurred both before the brain was removed and to a lesser extent while it was frozen, we do not believe that these REFERENCES 1. ADAMSON We also find that net entry of alanineJ4C into the ethanolprecipitable portion of brain is less with higher perfusate concentration.
Perhaps the apparent saturation effect suggested by these data reflects entry into the intracellular compartments.
It is likely that the amount of 14C radioactivity found in the brain specimens reflects the balance between net entry into brain and its exit. There is evidence that the entry and exit of amino acids from brain, both in vivo and in vitro, occurs by specific mechanisms (6, 10, 24, 28) . These data suggest that CSF concentration of amino acids may influence these processes.
The evidence presented in this paper indicates that neutral amino acids are cleared from the CSF by specific mechanisms.
Neither (20, 24, 39) it does not seem likely that the CSF serves primarily to excrete these compounds. Instead, it may serve to stabilize their concentration, as it is thought to do with respect to potassium (7, 12) .
